Cave-dwelling ectotherms, which have evolved for millions of years under stable 20 thermal conditions, could be expected to have adjusted their physiological limits to the 21 narrow range of temperatures they experience and be highly vulnerable to global 22 warming. However, the few existing studies on thermal physiology in subterranean 23 invertebrates point that they have lost some of the thermoregulatory mechanisms 24 common in surface species, but there is a lack of evolutionary adjustment to ambient 25 temperature. The question remains whether this surprising homogeneous thermal niche 26 is common for the whole subterranean biodiversity or just a peculiarity of the species 27 tested. In order to test for the generality of such previous findings, we studied basal heat 28 tolerance and thermal plasticity in four species of distant arthropod groups (Coleoptera, 29 Diplopoda and Collembola) with different evolutionary histories but under similar 30 selection pressures, as they have been exposed to the same constant environmental 31 conditions for a long time (inhabiting the same cave). Adult specimens were exposed at 32 different temperatures for one week to determine upper lethal temperatures. Then, 33 surviving individuals from each treatment were exposed to a fixed stressful temperature 34 to determine acclimation capacity. Upper lethal temperatures were similar to those 35 reported for other subterranean species (between 20-25ºC), except from that of the 36 diplopod (28ºC), widely exceeding the cave temperature (13-14ºC). Acclimation 37 responses differed from a positive acclimation response in two of the species to no 38 acclimation capacity or detrimental acclimation effects in the others. Our results show 39 that thermal niche features are not as homogeneous as expected across the subterranean 40 fauna and unrelated to ambient conditions. We show that some species, likely those that 41 colonized subterranean environments more recently, still retain thermoregulation 3 42 capacity to face temperature changes. Thus, subterranean species, even those living 43 under similar climatic conditions, might be very differently affected by global warming.
Introduction
which in part could be due to the difficulties in collecting large number of specimens 79 required for experiments or rearing them in the laboratory. The few, more recent studies 80 that have specifically measured thermal breadth and plasticity in subterranean species 81 show different results depending on the trait measured. Some stygobitic (groundwater) 82 microcrustacean species present the typical characteristics of stenothermal organisms, 83 i.e., low physiological plasticity (e.g. [27] ) and narrow thermal breadths of performance 84 optimum (e.g. [28]), being even sensitive to changes in temperature 2°C below or above 85 their habitat temperature [29] . In contrast, other closely related groundwater species 86 have a much wider thermal ranges for performance and survival [28, 29] . Rizzo et al. 87 [30] measured long-term (7 days) survival of several species of a clade of leiodid 88 beetles at different temperatures. Tolerance ranges were much narrower than those of 89 terrestrial insects living at the same latitude, but still wider than the temperatures 90 experienced trough their evolutionary history and unrelated to their current habitat 5 91 conditions. Furthermore, lethal thermal limits were very similar for all of the studied 92 species irrespective of the climatic conditions of the areas where they live, and also 93 similar to those observed in other leiodids [22, 31] . 94 What seems to be common from all these studies is that most subterranean species, even 95 those from relatively cold climates (e.g. [29, 32] ) can survive temperatures around 20ºC 96 but not higher than 25-26ºC in the long-term (> 7 days). Together, these results show 97 that, in agreement with the climatic variability hypothesis, subterranean ectotherms have 98 a lower heat tolerance than most epigean species, but also suggest a general lack of 99 evolutionary adjustment to ambient temperatures (i.e., they are not strictly 100 stenothermal). This would imply that species living in warmer areas are closer to their 101 upper limits of thermal tolerance and therefore at higher extinction risk than those living 102 in high altitudes (colder areas), contrary to the general predictions for surface species. 103 Yet the question that remains is to what extent this apparently homogeneous thermal 104 niche is common for the whole subterranean biodiversity. This question is difficult to be 105 answered given the general lack of data on thermal physiology for the subterranean 106 fauna. To fill pat of this gap, we studied heat tolerance, accounting for both basal (upper 107 lethal temperature -ULT) and induced tolerance (plasticity of ULTs via acclimation), in 108 four distantly related arthropod species representative of the invertebrate community of 109 a single cave system (Cueva de la Murcielaguina de Hornos, SE Spain). They represent 110 a set of species with different evolutionary origins but exposed to similar strong 111 selection pressures (i.e., the same constant environmental conditions) for a long time. The four studied species coexist in the same cave system, Murcielaguina de Hornos 115 (Jaén, Spain), and belong to three different orders of arthropods. (1) Glomeris sp 116 (Diplopoda: Glomerida: Glomeridae) is an undescribed species of a mega-diverse genus 117 within the order Glomerida, and one of the few within the genus which is strictly Acclimation capacity of the four species was assessed using surviving specimens (N=5-161 16 specimens per species and treatment) from the heat tolerance experiment (i.e., 8 162 previously exposed at the different temperatures), which were transferred to a high fixed 163 temperature. Such a fixed test temperature was set up considering the survival response 164 at sublethal temperatures in the previous experiment: those species whose survival was 165 higher than or close to 50% of the exposed specimens after 7 days at 25ºC (Glomeris its low heat tolerance. Our results also stress the need of experimental approaches to 307 assess the capability of species to cope with temperatures outside those they currently 308 experience.
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309
Conclusions
310
According to the climatic variability hypothesis and similarly to other subterranean 311 ectotherms, the species studied here showed narrow thermal tolerance ranges if 312 compared with most terrestrial invertebrates. However, the estimated upper lethal limits 313 largely exceed the current range of habitat temperature of these species. We also 314 demonstrate that subterranean species with different evolutionary origins differ in their 315 tolerance to heat and acclimation capacity, despite having been exposed to similar 316 selection pressures (i.e., the same constant environmental conditions) for a long time. 
